The histopathological findings are reported in 11 cases of congenitally corrected transposition. For the purposes of this investigation, only hearts with a well-formed septum separating two ventricular sinuses were classed as corrected transposition. We did not, therefore, study any examples of single ventricle with inverted outlet chamber. Five of the cases formed the basis of a preliminary report, in which the distribution of conducting tissues in the anomaly was shown to differ from that reported in previous investigations. The six new cases confirmed this distribution. Thus, in all cases, the connecting atrioventricular node was anteriorly situated in the right atrium at the lateral junction of pulmonary and mitral valves. An anteriorly situated bundle descended into the morphologically left ventricle (right-sided) and encircled the anterolateral quadrant of the pulmonary outflow tract before descending on the anterior septum and bifurcating. The bundle branches were inverted. This distribution was observed in specimens with intact septa (three cases) and in specimens with ventricular septal defects (eight cases). In the latter cases the conducting tissues were related to the anterior quadrants of the defects. One case was of particular interest since the posterior node in the position of the normal atrioventricular node also made contact with the ventricles via a posterior bundle. In all other specimens this node was hypoplastic and did not have ventricular connections. It is considered that this finding provides a link with previous descriptions of posterior conducting tissue in congenitally corrected transposition. The findings are discussed with relation to the development of complete heart block in this anomaly.
The histopathological findings are reported in 11 cases of congenitally corrected transposition. For the purposes of this investigation, only hearts with a well-formed septum separating two ventricular sinuses were classed as corrected transposition. We did not, therefore, study any examples of single ventricle with inverted outlet chamber. Five of the cases formed the basis of a preliminary report, in which the distribution of conducting tissues in the anomaly was shown to differ from that reported in previous investigations. The six new cases confirmed this distribution. Thus, in all cases, the connecting atrioventricular node was anteriorly situated in the right atrium at the lateral junction of pulmonary and mitral valves. An anteriorly situated bundle descended into the morphologically left ventricle (right-sided) and encircled the anterolateral quadrant of the pulmonary outflow tract before descending on the anterior septum and bifurcating. The bundle branches were inverted. This distribution was observed in specimens with intact septa (three cases) and in specimens with ventricular septal defects (eight cases). In the latter cases the conducting tissues were related to the anterior quadrants of the defects. One case was of particular interest since the posterior node in the position of the normal atrioventricular node also made contact with the ventricles via a posterior bundle. In all other specimens this node was hypoplastic and did not have ventricular connections. It is considered that this finding provides a link with previous descriptions of posterior conducting tissue in congenitally corrected transposition. The findings are discussed with relation to the development of complete heart block in this anomaly.
Additional Indexing Words:
Anterior atrioventricular node Pulmonary outflow tract Anterior bundle Surgical heart block Complete heart block AN ACCURATE KNOWLEDGE of the disposition of cardiac specialized tissue in any congenital cardiac malformation is an essential prerequisite of its full comprehension and surgical treatment. This is particularly true of congenitally corrected transposition in which traumatic heart block is a wellrecognized hazard of intracardiac surgery.",2 Knowledge of the conducting tissue in this anomaly is also of interest since complete heart block is known to be a natural manifestation of the condition, or frequently, develops during its course. The precise mechanism of the development of this arrhythmia was recently stated to be unknown.3 It has been suggested that the block is related to the inversion of the entire conducting tissues together with the ventricular inversion, the latter an essential part of the anomaly.4 This concept is largely based upon the study of Lev, Licata, and May5 in which reconstruction of a specimen with situs solitus demonstrated a left-sided atrioventricular node and bundle, together with inversion of the bundle branches. The bundle branch inversion had been clearly demonstrated by earlier investigators,6 but these workers did not demonstrate the position of the connecting bundle, either because the studies were performed by gross dissection6 7or because complete heart block was present8 or was presumed to be present. 9 We recently presented our preliminary investigations of the conducting tissue in congenitally corrected transposition which showed that the atrioventricular (A-V) node was right sided, but situated anteriorly in the right atrium. Furthermore, they demonstrated that the connecting bundle passed laterally to the pulmonary outflow tract and that the bundle branches were distributed on the anterior rim of accompanying ventricular septal defects.'0 This distribution was comparable to that described in another case of corrected transposition by Lev, Fielding, and ANDERSON, BECAKER, ARNOLD, WILKINSON Zaeske`but differed from that reported in the more frequently quoted case of Lev et al.' It therefore became of vital importance to verify our earlier findings, in particular in specimens which possessed intact ventricular septa. We have therefore studied a further series of six specimens, two with intact septa, and the results confirm our earlier observations.'0 The findings in one specimen are particularly significant since two nodes were present, each connecting with ventricular conducting tissue. We believe that this observation provides the solution to the discrepancy which apparently existed between the previous reports.
Definitions and Terms

Congenitally Corrected Transposition
This term (abbreviated CCT) is used to describe the anomaly in which atrioventricular discordance is present and in which the great arteries are transposed across the ventricular septum. As defined it can include specimens associated with either solitus or inversus viscero-atrial situs. In the scheme of transposition outlined by Harris and Farber,'2 itself based on the earlier classification of Geipel,'3 two additional malformations were designated as corrected transpositions in which the arteries were unusually related to their appropriate ventricles. These specimens were termed " anatomically corrected transposition," to distinguish them from the congenitally corrected variety. However, Van Praagh and his associates'4 have recently shown that these hearts are better designated as corrected malpositions, and that "transposition" is best defined as placement of both great arteries across the septum so that they arise from morphologically inappropriate ventricles. This is the definition we have adopted, so that "corrected transposition" can refer only to the hearts with both atrioventricular and ventricular-arterial discordance. Regarding the problem of whether the anomalies with atrioventricular discordance and an inverted outlet chamber should be considered as "corrected transposition," we have adopted the criteria outlined by Ruttenberg" and excluded these forms from our investigation. Thus we require that specimens of corrected transposition possess two identifiable ventricular sinuses separated by a well-formed ventricular septum.
Chamber Designation
Difficulty always arises in descriptions of corrected transposition since the atrioventricular discordance places either the atrial or ventricular chambers on the "wrong side" of the body. We shall therefore refer to chambers in terms of their morphological characteristics and adopt the expedient of Lev and Rowlatt16 by referring to their position relative to the right-left axis of the body as well. Thus we would refer, in the solitus individual, to the "morphologically left ventricle, right sided." With reference to atrioventricular valves, it is well established that these structures are inverted with the ventricular loop. 16 The left-sided atrioventricular valve (LAVV) therefore has the morphology of the tricuspid valve (in the solitus individual) while the right-sided atrioventricular valve (RAVV) has the characteristics of the mitral valve.
Conducting Tissues
In our preliminary communication,0 we demonstrated that the connecting node in CCT is situated anteriorly in the interatrial septum, on its right side. We shall refer to this node as the Anterior Node and the bundle which descends from it will be referred to as the Atrioventricular Bundle. A hypoplastic node was identified in the position of the A-V node of the Figure 1 Photographs of Specimen No. 11 taken to illustrate the morphology of the pulmonary outflow tract and the membranous septum. Panel A is a view of the right side of the heart, opened through its postero-lateral aspect viewedfrom behind. The morphological right atrium (RA) communicates with the morphological left ventricle (MLV) through the mitral valve.
The prominent anterior papillary muscle is clearly visible (APM). The pulmonary outflow tract (POT) arises from the middle segment of the ventricle and is bounded superiorly by the region of pulmonary-mitral valvular continuity and antero-inferiorly by the crest of the ventricular septum.
Panel B is a detail of the previous photograph, in which the mitral valve has been retracted superiorly (note new position of APM). The anterior recess of the ventricle in front of the pulmonary outflow tract is seen (AR). The position of the conducting tissues have been marked in on this photograph. The disposition can be distinguished as a subendocardial strand on Fig. la ., and was confirmed by taking blocks from selected points. Note the anterior position of the connecting anterior node (AN), the atrioventricular bundle (AVB) and the inverted bundle branches (LBB-left bundle branch arrowright bundle branch). The hypoplastic posterior node (PN) was unable to contact the ventricles owing to septal malalignment. MSA indicates an aneurysmal dilatation of the ventricular segment of the membranous septum.
The make-up of the membranous septum is illustrated in panels C through E. Panel C shows the pulmonary outflow tract following removal of the mitral valve. The part of the septum between the morphological left atrium and the morphological left ventricle (MLA-MLV) is arrowed. The open arrow indicates the aneurysmal interventricular portion of the septum, which forms the medial border of the pulmonary outflow tract. Note the anterior recess, and note also that the encircling portion of the anterior bundle is visible. Panel D is the same view, but it has been transilluminated from the morphologically left atrium. Note that the atrioventricular segment (solid arrow) intervenes between the atrial and ventricular septa, and prevents the posterior node contacting the ventricles. The open arrow indicates the transilluminated fossa ovalis. Panel E is a comparable left-sided view in which the specimen has been transilluminatedfrom the right side. MLA = morphologically left atrium; TV = tricuspid valve. Note the same transilluminated areas: the atrioventricular segment of the septum (solid arrow) and the fossa ovalis (open arrow).
Circulation, Volume 50, November 1974 913 ANDERSON, BECKER, ARNOLD, WILKINSON normal heart, which in the cases examined did not make contact with the ventricular musculature. This node will be referred to as the Posterior Node. In this investigation we have studied one specimen in which this node also perforated the fibrous annulus. The bundle from the posterior node in this case will be referred to as the Posterior Bundle. In all specimens studied the bundle branches were inverted. These structures will be described in terms of their morphology. Thus the Left Bundle Branch will designate the fan-like sheet of cells typical of the normal left ventricle irrespective of its position in the malformed specimens. Similarly the Right Bundle Branch will designate the cord-like structure typical of the normal right ventricle.
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Diagrammatic representation of the transverse outline of the heart in congenitally corrected transposition. This diagram was constructed from Specimen 10. The atrial chambers were removed from the fibrous skeleton prior to sectioning, and the greater part of the ventricles similarly removed. It was then possible to photograph the superior and inferior aspects of the atrioventricular junctions. The inferior photograph was then reversed and the two outlines superimposed. Note the malalignment of the interatrial and interventricular septa, and the deep position of the pulmonary artery, which overrides the middle portion of the ventricular septum. The positions of the two segments of the membranous septum are shown in plane view, but they are, of course, obliquely orientated. The conoventricular flange is seen to separate the tricuspid and aortic valves, but to be attenuated to permit pulmonary mitralfibrous continuity. The positions of the conducting tissues are outlined as subsequently demonstrated by serial sectioning of the junctional areas. Abbreviations: RAVO = right atrioventricular orifice (guarded by mitral valve); LAVO = left atrioventricular orifice (guarded by tricuspid valve); Ao = Aorta. The pulmonary artery is not labeled. Key explanation: 1. Anterior conducting tissue; 2. Posterior node; 3. Morphologically right ventricular myocardium; 4. Morphologically left ventricular myocardium; 5. Atrial myocardium; 6. Membranous septum; 7. Conus septum; 8. Conoventricilar flange.
Materials and Methods
The specimens studied were taken from the cardiopathological collections of the Royal Liverpool Children's Hospital and the University of Amsterdam (Wilhelmina Gasthuis). As explained above, they were all required to possess A-V discordance, transposition, two ventricular sinuses and a well-formed septum. Eleven specimens were available for histopathological examination (table 1). Cases 2-6 formed the basis of our preliminary communication.'0 Three of the 11 hearts studied here possessed intact ventricular septa, and two exhibited pulmonary atresia. Other accompanying malformations, which can be considered as part of the basic anomaly,'7 are indicated in table 1.
Blocks for histopathological study were removed from each specimen. In the case of the smaller hearts, the entire atrioventricular orifices were taken as the block and were sectioned in the frontal plane. In the intermediate-sized hearts, the interatrial and interventricular septa were removed as one block, which included the entire pulmonary outflow tract. When possible this block was sectioned in its entirety in the frontal plane. In larger hearts it was necessary to divide the block into two or three pieces. These were then sectioned in either the frontal plane (septal blocks) or the sagittal plane (lateral aspect of pulmonary outflow tract). One specimen was completely sectioned in the transverse plane of the heart. In all these specimens, additional blocks were taken of the ventricular septum to include the bundle branches, and these were sectioned in the transverse plane. In the adult hearts, numerous blocks were required to section the septal segments of the A-V junction and the pulmonary outflow tract. In one heart, the entire region was thus sectioned. In the other two hearts, however, smaller blocks were removed so as to allow confirmation of the position of the conducting tissues.
All blocks thus taken were embedded in paraffin wax and serially sectioned at 10 micron thickness. All sections were retained. Originally one section in each fifty cut was mounted and stained with a trichrome technique. Following examination of these sections, additional sections were mounted and stained as seemed necessary.
Results
Gross Morphology
Anatomic details will only be given insofar as they affect the course and distribution of the conducting tissues. A more detailed account of the anatomy of these and other specimens and their surgical significance is to be given elsewhere (Bentall, H. H., unpublished observations). A feature of most of the specimens was gross malalignment of the interatrial and posterior ventricular septa ( fig. la, fig. 2 ). This is believed to be a consequence of A-V discordance. The terventricular septa diverged, the atrial septum coursing to the right and the ventricular septum to the left (fig. 2 ). The atrial septum bifurcated behind the pulmonary artery, which was deeply wedged between the mitral and tricuspid valves ( fig. 2 ). Owing to the divergence of the septa, the pulmonary valve ring overrode the middle portion of the ventricular septum.
In the specimens with intact septa, the left border of the outflow tract was filled by the morphological right ventricle (left-sided) pulmonary outflow tract segment of the membranous septum ( fig. 1 ). When this was improperly formed, a septal defect was present. In all specimens the anterior part of the ventricular septum expanded and fused with the conus septum to form the anterior boundary of the pulmonary outflow tract (fig. lc, fig. 2 ). The lateral and inferior boundary of the outflow tract coincided with its communications with the morphological left ventricle (right-sided). Superiorly this was the region of the mitral-pulmonary valve fibrous continuity ( fig.  lc) . Inferiorly the crest of the ventricular septum was present ( fig. lb-d) . Owing to the deep position of the pulmonary valve, an anterior recess of the morphological left ventricle (right-sided) was present between the mitral valve and the anterior ventricular septum (fig. lc, fig. 2 ). In two specimens, the posterior part of the interventricular septum fused directly with the underside of the interatrial septum, producing a considerable reduction in the size of the left atrialmorphological left ventricle (right-sided) part of the membranous septum. It will be demonstrated below that this improved alignment of the septa had important consequences in one of these specimens.
Histopathological Findings
In all specimens studied, an anteriorly-situated atrioventricular node was observed. This structure was located on the anterior margin of the right atrioventricular orifice, in the position at which the right limb of the interatrial septum swept laterally and rightward behind the pulmonary valve ( fig. 2 ). The node had the typical histological characteristics of conducting tissue, and the atrial cells overlying the node were slender and attenuated, as observed in the normal atrioventricular node (fig. 3.2) . The penetrating atrioventricular bundle emerged from the deep part of this anterior node at the lateral extent of the pulmonary-mitral valvar continuity (fig. 2) . The bundle then passed laterally into the anterior aspect of the roof of the pulmonary outflow tract, lying just inferior to the pulmonary valve ring (fig. 3a ). It then encircled the lateral margin of the valve ring, descending slightly to reach the expanded anterior portion of the ventricular septum ( fig. 3.3 ). In the older specimens, this encircling portion of the atrioventricular bundle was extensively infiltrated by fibrous tissue, in some cases being completely disrupted.
Having reached the ventricular septum, the bundle descended on the anterior septal rim, slightly to the right side. In specimens with intact septa, this was anterior to the segment of the membranous septum which intervened between the pulmonary outflow tract and the morphological right ventricle (leftsided). In the specimens with defects this part of the bundle was related to the right side of the anterior rim of the defect ( fig. 4 ). As the bundle descended, it veered to the left and occupied the anterior crest of the septum (or the anterior margin of the defect) and bifurcated in this position. A thin sheet of left bundle branch fibers usually passed anteriorly down the junction of anterior and middle portions of the morphological left (right-sided) part of the septum, and fanned out deep in the ventricle (fig. 4 ). The right bundle passed as a thin cord into the left-sided (morphological right) ventricle and passed beneath Figure 3 Photographs and photomicrographs from Specimen 10, taken to illustrate the disposition of the conducting tissues as indicated diagrammatically in figure 2 . Panel A shows the pulmonary outflow tract following removal of the mitral valve. The comparable view prior to its removal is shown in B. Abbreviations as for figure 1. Note the intact septum, the interventricular segment of the membranous septum blocking the medial border of the outflow tract. The bundle is again visible in panel B as a subendocardial elevation. The numbers in A indicate the representative photomicrographs 1 through 4 taken to illustrate the conducting tissues. Panel 1 is from the posterior node (PN). Note the differentiation from atrial myocardium (AM) and the transitional cells (TC) at the nodal junctions. The node was situated on the right side of the interatrial septum, as indicated by the origin of the mitral valve (MV) from the fibrous annulus (FA), and did not make contact with the ventricles. Panel 2 shows the anterior node (AN), again histologically distinct and surrounded superiorly by transitional cells. The atrioventricular bundle is seen emerging from the node (AVB) and piercing the fibrous annulus. Note the extensive fibrosis of the node and bundle. In its lateral course around the outflow tract the bundle was completely disrupted by fibrous tissue, explaining the heart block present in this specimen. However, the anterior descending bundle (3) is not excessively fibrosed. This gave rise to the bifurcation (Bif.), and in this specimen the initial courses of both right bundle branch (RBB) and left bundle branch (LBB) were intramyocardial. The frontal sections panels 1 and 2 are viewed from behind, and the right and left indicate the actual sides of the heart. Thus the right atrium and the morphological left ventricle are on the viewer's right-hand side. the conal papillary muscle during its course ( fig. 4 ). It then fanned out widely into the anterior trabeculae of the morphological right (left-sided) ventricle.
In ten of the specimens studied, a hypoplastic atrioventricular node was identified in the posterior part of the interatrial septum, lying anterior to the ostium of the coronary sinus ( fig. 3 ). This posterior node had all the histological characteristics of conducting 918 CONDUCTING TISSUE IN CORRECTED TGA tissue, but in none of these ten cases did it make contact with the ventricular tissues.
One specimen was of particular interest. This specimen was one of the two in which the interatrial and interventricular septa were better aligned with each other. The anterior node and bundle were present in this specimen as described above (fig. 5 ). In addition a posterior node gave rise to a penetrating posterior bundle, which passed through the fibrous annulus ( fig. 5.2 ). Unfortunately it was not possible to trace the exact ramifications of the two bundles in this case since when the anterior portion of the interventricular septum was removed at operation, the left bundle branch was taken also ( fig. 5 ). However, the anterior bundle could be traced giving rise to a right bundle branch, as observed in the other ten specimens ( fig. 5.4) , while examination of the septum showed a hemorrhagic left bundle in anterior position ( fig. 5 .5).
Two cases with pulmonary atresia were also of particular interest. In both these cases, the aortic valve was overriding the morphologically left ventricle (right-sided). The conducting tissue arose from an anterior node, encircled the lateral aspect of the atretic pulmonary outflow tract, and was distributed along the anterior rim of the large accompanying septal defects. One of these cases was the remaining second case with better alignment of the atrial and posterior ventricular septa. In this case, however, the posterior node did not make contact with the ventricular myocardium.
Five of the cases studied exhibited the electrocardiographic pattern of complete heart block. All were above the age of ten years, and in each case the conducting tissues were disposed in anterior position as described above. In four of the cases the presence of heart block could be directly related to disruption of the anterior bundle by fibrous tissue. This was seen particularly well in the lateral margins of the pulmonary outflow tract. Extensive fibrosis was also observed in the region where the anterior bundle made contact with the anterior node (fig. 3 ). In the remaining case (case 8), the heart block resulted from the removal of the bifurcation and left bundle branch during surgery (fig. 5 ). In this specimen, in which anterior and posterior nodes were present, hemorrhage was observed among the cells of both nodes ( fig. 5 ).
Discussion
The results from the six new cases presently examined (Cases 1 and 7-11) confirm and extend the conclusions we described in brief following examination of our original specimens.10 In all our cases the connecting conducting tissues descend from an anteriorly situated atrioventricular node and are related to the antero-lateral quadrants of the pulmonary outflow tract from the morphological left ventricle (right-sided). When a septal defect is present, the conducting tissues are related to its anterior and inferior borders, a situation directly opposite to that encountered in the more usual septal defects found in hearts with A-V concordance. 18, 19 This is of considerable significance since it is generally assumed that conducting tissues are similarly related to the septal defects in corrected transposition. This belief is based upon the reconstruction of Lev, Licata and May5 which showed that the bundle descended from a left-sided A-V node, was related to the left posterior border of the membranous septum, and bifurcated to give a rise to inverted bundle branches. However,
Figure 4
Representative photographs and photomicrographs from Specimen 7, illustrating the distribution of conducting tissues in specimens with ventricular septal defects. The defect is viewed from the morphological right ventricle (left-sided) in panel A (position 1) and from the posterior aspect of the morphological left ventricle (right-sided) in panel B. The defect is seen to result from failure of the interventricular membranous septum to close the large defect present between interatrial, interventricular and conal septa (see fig. 2 ). In this specimen the septum was partly formed, and this portion was aneurysmal (A, in panel B). In panel A the right bundle branch (arrowed) can be seen in the subendocardium as it courses from the anterior margin of the defect onto the trabecula septomarginalis (TSM). Its histological appearance at position 1 is shown in panel 1, which is typical of the normal right bundle branch. Note its relationship to the papillary muscle of the conus, in this specimen arising as a chord directly from the TSM. CS = conus septum.
In B the solid arrow indicates the position of the atrioventricular bundle as it reaches the septum following its course around the pulmonary outflow tract. The anterior node, taken from the lateral block of tissue, is illustrated in panel 3. The node is cut obliquely (arrowed) and is seen in two places adjacent to the fibrous ring. VM = ventricular myocardium; PA = pulmonary artery. Other abbreviations as for previous figures.
Panel 2 illustrates the bifurcation as it descends the anterior margin of the defect. The orientation of the section is shown by the right-left labels, and the bundle branches (LBB, RBB) are inverted. The section is taken from position 2 (panel B). Panel 4 is a transverse section through the septal block in the line 4 -4 shown in panel. The posterior node is seen adjacent to the fibrous annulus, and it is readily apparent that there is no ventricular muscle to make contact with. The anterior bundle (AVB) is seen on the anterior rim of the defect. VSD = ventricular septal defect. The right-left arrows indicate the orientation of the septum.
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We have described previously'0 that we were prevented from making a similar assumption by evidence, in one of our cases, of ECGs showing sinus rhythm and by our finding that anterior conducting tissue is present in univentricular hearts. 20 We now consider that had Lev, Licata, and May5 reconstructed the anterior parts of their specimen, they would have encountered an anterior node similar to that described by Lev, Fielding, and Zaeske`in another specimen of corrected transposition and confirmed by this investigation. We base this supposition on the findings that in one of our specimens (case 8) both anterior and posterior nodes produced atrioventricular connections. We were unable to ascertain in this case if both bundles made contact with the ventricular conducting tissues since the bifurcation had been removed during surgical relief of the pulmonary obstruction, the surgeon removing what was previously considered to be the "safe" margin of the defect. Two additional cases with congenital malformations have, however, been described in which both anterior and posterior nodes connected a common bifurcation and gave rise jointly to the ventricular bundle branches.21 22 Both of these cases were specimens of double outlet right ventricle, one with ventricular inversion and atrioventricular discordance,2' which is closely related to classically corrected transposition. It is of interest that the first of these cases was described by M5nckeberg2' at the beginning of this century, as previously indicated by Lev. 23 We ourselves described the second case, not having appreciated at the time the full significance of Monckeberg's earlier account. 22 Taking all this evidence into consideration, we believe that an anterior node is to be expected in corrected transposition, and that an atrioventricular bundle is to be expected on the anterior margin of any accompanying septal defect. If a posterior node is present, together with a posterior connecting bundle, we would expect these structures to occur in addition to, rather than instead of the anterior node and bundle. All the nodes studied in our series, together with those described by Lev, Fielding, and Zaeske," were present in the morphological right atrium, but as is indicated by the study of Lev et al.,5 a left atrial node may also be present. Unusual drainage of the coronary sinus may be a clue to the presence of the latter structure, while good alignment of the atrial and ventricular septum should be taken as evidence of the likelihood of the presence of two nodes and bundles.
We have already indicated that M6nckeberg2' gave an excellent description of the presence of two nodes in a specimen closely related to classically corrected transposition and this has been commented on by Lev.2' It is now evident with our present knowledge that Uher24 gave an accurate account of the conducting tissue in corrected transposition itself. He did not comment on the presence of both nodes, and his results were poorly illustrated, but his description clearly stated that the node was anterior and the bundle branches were distributed on the anterior margins of an accompanying septal defect. This information, together with the findings of M5nckeberg2' would have been of inestimable value had their significance been recognized earlier. 1 2 The unusual distribution of conducting tissue demonstrated in the present cases is, we believe, Figure 5 Photographs and photomicrographs from Specimen 8. This case had a small VSD and pulmonary obstruction, both of which were treated surgically with the production of traumatic heart block and subsequent death. Panel A shows a detail of the pulmonary outflow tract after removal of its lateral portions. The entire septa are seen in panel B in which the surgical trauma is also demonstrated (ST). Note that the septa are better aligned, and that the surgeon has removed the muscular shelf forming the floor of the anterior recess of the morphologically left ventricle. In the context of a VSD in hearts with A-V concordance, this would be expected to be the safe margin of the defect. Panel 1 is taken from the lateral block of the pulmonary outflow tract, (indicated by position 1 on figure 5a ) and shows the anterior node with its overlying transitional cells. The bundle perforates the fibrous annulus and is immediately engulfed in a large area of hemorrhage (open arrow). The encircling and descending bundle were removed during the surgical process. However, panel 2 is a section taken from the posterior rim of the small defect, in position 2 indicated on A. Note that a posterior-connecting bundle is present in this specimen, (arrowed), but that this is also engulfed by hemorrhage on its superior and inferior aspects. The bundle descended from a posterior node (panel 3) , which was also invaded by hemorrhage (H). The posterior node and bundle were both related to the right side of the septum. It was not possible to trace the exact connections of the two bundles since the area in which they would have joined had been removed at operation (ST, in panel B). Nonetheless, the right bundle branch (panel 4) and the left bundle branch (panel 5) were both situated anteriorly. The position of the left bundle branch is shown by the line 5 -5 in panel B, and it can be seen to be elevated from the myocardium by extensive hemorrhage (H). The right bundle branch (panel 4) was observed in the anterior block of the septum. It, too, was surrounded by hemorrhage (H). Abbreviations as for previous figures. directly related to the malalignment of the interatrial and interventricular septa, itself a consequence of the discordant bulboventricular looping. We have recently described an almost identical disposition of conducting tissue in single ventricular hearts with outlet chambers, in which the posterior portion of the ventricular septum is either lacking or misplaced. 19 We hypothesized in this presentation that normal development of the atrioventricular node was dependent upon normal alignment of the atrial and ventricular septa and that, in the absence of this alignment, the anterior node was formed from an expansion of an annulus of atrioventricular ring specialized tissue, which is present in all human fetal hearts. 25 The same pathogenesis can be propounded to account for the disposition of conducting tissue in congenitally corrected transposition. The hypothesis is supported by the finding that in the case with two nodes present the septa were particularly well aligned, thus permitting normal formation of the posterior node. Nonetheless, it must be stated that in another case with good alignment, a posterior node was not present. However, as we have indicated, we believe that presence of septal alignment is a good guide to the likely presence of a posterior connecting node in corrected transposition.
Apart from the obvious surgical significance of the present findings, which is to be discussed in more detail elsewhere (Bentall, unpublished observations), the distribution of the conducting tissue is relative to both electrocardiographic interpretation and to the mechanism of acquired heart block in corrected transposition. Recent investigators have considered that the distribution of conducting tissues as depicted by Lev et al.5 adequately explained their electrocardiographic findings. 26 27 We are at present involved in an analysis of the ECG recordings from our own specimens, and it remains to be seen if the anterior position of the node and bundle are related in any way to electrocardiographic patterns produced.
With regard to the association of complete heart block with corrected transposition, it has been presumed that this is related to changes in the long A-V bundle, which was presumed to connect the posterior node to the ventricles.5 8 It is significant that in our series all cases with heart block were from older cases. Except for the traumatic block, in each specimen the heart block was a result of pathological changes in a congenitally malpositioned conducting system. Furthermore, our findings indicate that the fibrosis responsible for the production of block does indeed occur in an elongated A-V bundle together with fibrosis occurring at the junction with the anterior node. However, this bundle is anterior rather than posterior, and it is directly beneath the pulmonary valve in the position of mitral-pulmonary continuity. It is therefore subjected to considerable excursions during closure of the mitral valve. It is possible that the fibrosis is related to this position as well as to the excessive length of the bundle.
Whether the ECG changes demonstrated should be categorized as congenital or acquired complete heart block is debatable.3 The position of the bundle in these cases makes it somewhat inaccessible for the recording of His bundle potentials. A catheter introduced through the venous atrium would be in contact only with the anterior node and the anterior perforating bundle, and to record from these sites our findings indicate that a catheter position more lateral than that adopted in the normal heart would be necessary. It would be exceedingly difficult to maneuver the catheter in order to record from the ventricular bundle and its bifurcation. The known susceptibility of the conducting tissue to damage in CCT1 makes such procedures hazardous. We would therefore recommend caution when considering the desirability of recording His bundle potentials from patients with congenitally corrected transposition.
